drogenase in normal human skin. In comparison with glutamate dehydrogenase, which catalyzes reversible oxidative deamination, the transaminases catalyze transfer of amino groups, usually from an amino acid to a ketoacid, without net loss of nitrogen. In other words, transamination represents the intermolecular exchange of amino nitrogen. Transamination plays a significant role in metabolism by providing numerous alternative pathways between amino acids. Obviously, it is a useful process for tissues, by which excessive amounts of certain amino acids can be removed rapidly without storage, and the amino acids of body protein deaminated to serve as energy sources upon oxidation via the citric acid cycle in ease of calorie deprivation. This paper characterizes human epidermal alanine and aspartate transaminases (E.C.
Alanine (or aspartate) transaminase activity was assayed according to the steps shown in The complete alanine transaminase substrate reagent consisted of 2.5 mM a-ketoglutarate, 100 mM L-alanine (adjusted to pH 7.9), 1 mg% pyridoxal phosphate, 0.5% bovine plasma albumin, 20 mM nicotinamide, 1 mM NADH, and 5 g/ml reagent mixture of crysta]line lactate dehydrogenase in 100 mM Tris-HC1 buffer at pH 7.9. The complete aspartate transaminase substrate reagent consisted of 2.5 mM re-ketoglutarate, 20 mM aspartate, 1 mg% pyridoxal phosphate, 0.05% bovine plasma albumin, 20 mM nicotinamide, 2 mM NADH and 1.5 g/ml reagent mixture crystalline malate dehydrogenase in 100 mM Tris-HC1 buffer at pH 8.2.
Human epidermal homogenate was prepared as described in the preceding paper (1) , and S of this homogenate (generally 1%, W/V) were added to 50 el of the buffered substrate reagent. The mixture was incubated at 37° C for an appropriate period (generally 30 minutes). The resulting NAD was measured fluorometrically in the same way as for glutamate dehydrogenase assay (1).
Frozen and dried sections (0.5 to 5.0 'eg) of skin and its appendages were prepared in the manner described by Hershey (3) . Skin sections were placed on the bottoms of 2.5 x 50 mm test tubes, and S N1 of iced buffered substrate added to each tube. After incubating 1 hour at 37° C, the mixtures were returned to the ice bath and 3 N1 of 0.6 N HC1 added to each to arrest the reaction. A 5 N1 aliquot was taken from each tube and the NAD formed determined fluorometrically as previously described. Standards containing 1 and 5 mpmoles of NAD were carried along with the samples. Reagent blanks (reagent 'Abbreviations used: NAD and NADH = nieotinamide adenine dinucleotide, oxidized and reduced forms; tris-HC1 buffer = tris(hydroxymethyl)amino-methane-HC1 buffer.
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In the preceding paper partial characterization bistoehemieal localization (1) Protein was measured according to the method of Lowry et al. (4) .
RESULTS
The effects of pH on alanine and aspartate transaminase activities are shown in Figure 1 . The optimum pH ranges for alanine and aspartatc transaminases are 7.6-7.9 and 8.1-8.3 respectively. The pH curves for both enzymes show somewhat flat-topped peaks, and enzyme activities at physiological pH are approximately 80% of those at optimum pH values. for aspartate transaminase activity, respectively. Both transaminase activities were di- * The complete mixtures with 1.5% (W/V) epidermal homogenate as described in the text were incubated for 30 mm. at 37° C. This activity was taken as 100%. Each figure is expressed as % of the maximal activity.
activities could be assayed. L-alanine, L-aspartate, a-ketoglutarate, and NADH were essential for the reaction. On the other hand, omission of pyridoxal phosphate caused 25 to 35% reduction of maximal activities. Omission of nieotinamide did not change activities under the assay conditions, while omission of bovine plasma albumin caused 10 to 20% reduction of maximal activity. The latter finding indicates protective action of the plasma albumin against loss of transaminase activities. When their respective auxiliary enzymes were omitted, both transaminase maintained 70-75% of optimum activities. Since malate and lactate dchydrogenases in skin have 10 to 40 times more activity than the transaminases and the respective Km's for oxaloaeetate and pyruvate are extremely low, the endogenous malate and lactate dehydrogenases in the homogenate are nearly sufficient for the assay of transaminases. Alanine and aspartate transaminase activities of epidermis withstand both freezing and drying. Frozen and dried homogenates stored at -20° C lost no activity after two weeks and less than 20% activity after 1 month of storage. The activities were compared on a protein basis. Both transaminase activities were preserved exceedingly well when fresh skin samples were immediately sectioned in a cryostat and frozen-dried. No loss of transaminase activities occurred even after 3 months of storage at -20° C in vacuum. The frozendried sections used for this report were analyzed after less than 2 months of storage.
Alaninc transaminase activities in various parts of human abdominal skin are summarized in Table II and aspartate transaminasc activities in Table III . The most characteristic feature in tbe distribution patterns in skin and its appendages is that the sebaceous gland contains extremely high transaminase activities (approximately 4 times more than the Table IV . In this experiment human scalp skin samples were obtained 4 hours after the subject's death from an auto accident. Vellus hair follicles were dissected from the frontal region and terminal hair follicles from the temporal region; only external sheaths of hair follicles were dissected as samples. Table IV shows that aspartate transaminase activity does not change significantly in relation to hair follicle types; on the other hand, alanine transaminase activity increases 100% in active hair follicles.
Therefore, alanine transaminase may be a sensitive functional barometer reflecting a specific metabolic process. .12 * Expressed as moles/hour/kg dry weight tissue standard error. Each figure is the mean of 6 determinations. These determinations were doisc an frozen-dried sections. human epidermis were .14, .15 and .11 moles/kg wet wt/hr. Alanine transaminase activities in the epidermis of frozen-dried sections are approximately 3.3 times more active than those in the epidermal homogenates. This finding corresponds to the dry-over-wet weight ratio of 1:3.5.
Alanine transaminase activities in fresh

DISCUSSION
The present paper is, to our knowledge, the first report of transaminase activities in "normal" human skin. Earlier work has shown alanine transaminase activity in rat epidermis (5) and in pathological human epidermis obtained from two cases of pcmphigus (6) . In comparison with the data presented in this report, the activities previously shown for human pathological epidermis (6) arc approximately 1/5 to 1/10 of the alanine transaminase activity that we observed. Namely, if values for a total nitrogen content of human skin of 4.5% (7) and a temperature coefficient at 25° C of 30% are taken respectively, the 56 and 31 units per 10 mg total nitrogen for the two cases would be expressed as 0.025 and 0.014 moles/kg wet wt/hr, while the data presented in this report showed an approximate activity of 0.13 moles/kg wet wt/hr. These differences in activity may well be due to the pathological status of the pemphigus sample and to the differences in assay conditions. The data previously reported (6) were obtained with a reaction mixture in which no pyridoxal phosphate was present and the a-ketoglutarate concentration was slightly excessive (6.6 mM Pyridoxal phosphate represents the main biocatalytically active form of vitamin B6.
A deficiency of this vitamin causes acrodynia in rats (8) and a condition resembling sicea type dermatitis in man (9) . Therefore, vitamin B6 deficiency may well be related to changes in various transaminases and may play an important role in the mechanism involving certain kinds of dermatitis; however, this requires further investigation.
The localization of transaminase activities in skin is somewhat similar to that of isocitrate dehydrogenase (10) . In the ease of both enzymes the sebaeeous gland has the greatest activity. It is interesting to note that the product of the isocitrate reaction is a-ketoglutarate, a common substrate of both alanine and aspartate transaminases. However, glutamate dehydrogenase, which also utilizes aketoglutarate, has a different distribution in skin with epidermis having the greatest activity (1). The relative activities of sebaeeous glands and epidermis are 3. 4. Localization patterns of these two transaminases arc similar, i.e., sebaccous glands contain the highest activities, 3.5 times more than epidermis. This pattern also is somewhat similar to that of isocitrate dehydrogenase activity previously described. It coincides with a product and substrate relationship among these 3 enzymes.
5. Assay of transaminases in different types of hair follicles showed that alaninc transaminase activity is 100% greater in anagen than in telogcn or vellus type hair follicles.
Alaninc transaminase reflects more sensitivity to the functional status of the hair cycle than does aspartate transaminase.
6. Available data suggest the active participation of alanine and aspartate transaminases in various functional statuses of skin and appendages.
